Changes in the Brazilian Forest Code (BFC) have soften the criteria for recovery and conservation of permanent preservation areas (PPAs), enhancing processes related to surface runoff. The aim of this study is to understand the effects of changes in PPA classification criteria established by BFC of 2012 to the detriment of BFC from 1965 considering the surface runoff response in the basin draining the upper Marrecas River valley in the flow peaks. The HEC-HMS model was used to simulate flow peaks considering three land-use scenarios, representative of the current use, adapting it to PPAs fitted to the BFC of 1965 and 2012 and seven precipitation return periods. In the proposed scenarios, the use of BFC of 2012, to the detriment of that from 1965, would imply a PPA reduction from 44.5% to 13.7%, resulting in a 22.1% increase in the average flow peaks, not representing, however, a significant reduction in the flow peaks when compared to the scenario representing the current land use. Therefore, when compared to BFC of 1965, in the Brazilian new Forest Code PPAs were reduced by 69.2%, increasing peak flows by up to 30.7%, thus minimizing the legal possibilities of flood mitigation to the urban perimeter of Francisco Beltrão, Paraná State, Brazil.
INTRODUCTION
was in force regulating the activit ies of land use and occupation considering the 1960s socioeconomic context. However, the Brazilian new Forest Code (Law no. 12,651 of 2012) updated the legislation to the current context and changed several aspects, including the classification criteria of permanent preservation areas (PPAs), significantly reducing the potential area to be recovered by native vegetation (Soares-Filho et al., 2014) . These changes in land use and occupation affect water cycle and its availability, wh ich may accentuate the occurrence of natural disasters and environmental damages (Coutinho et al., 2013 , Lin et al., 2014 Reis et al., 2015) .
The basin drained by the upper Marrecas River valley is occupied by more than 65% of agricu ltural areas, characterizing a form o f family farm production (Savoldi & Cunha, 2010) . Th is occupation model caused profound changes in the landscape with the replacement of the Araucaria mo ist forest by agricultural act ivities (Cassol & Morais, 2014) . These changes may have intensified the recurrent floods affecting the urban perimeter of Francisco Beltrão, Paraná State, Brazil, due to the removal of forest cover, which presents a greater capacity to infiltrate precipitated water when co mpared to other land uses (Costa et al., 2012; Kibena et al., 2014; Lotz et al., 2017) .
According to historical flow and Civil Defense data, fro m 2010 to 2017 seven flood events were recorded mainly due to the drowning of Marrecas River tributaries crossing the urban perimeter of Francisco Beltrão. The highest flood quota was registered in May 2014, displacing 1050 people due to a daily precipitation of 195 mm (Andres et al., 2015) . The Marrecas River basin has been effectively occupied since 1950, and the main changes in its landscape occurred due to the replacement of natural forest by agricultural and pasture uses in the first three decades and urban occupation in the next years (Machado, 2009) .
The replacement of forests by anthropic uses modifies the dynamics between the surface runoff and infiltrat ion, unbalancing the natural balance of waters (Suriya & Mudgal, 2012) . Changes in hydrological cycle caused by deforestation and pressure on water resources require extensive knowledge about the distribution of surface water, with studies on the effects of urbanization (Du et al., 2012; Su riya & Mudgal, 2012; Niemi et al., 2017) , land use (Githui et al., 2009; Sanyal et al., 2014; Lotz et al., 2017; Mayerhofer et al., 2017) , and vegetal cover (Marques et al., 2007; Mu et al., 2015; Zhang et al., 2015; Silva et al., 2016b; Yu et al., 2016) on the balance of continental waters.
Although several authors have studied hydrological simu lations of land use scenarios (Ali et al., 2011; Du et al., 2012; Sanyal et al., 2014; Lin et al., 2014; Silva et al., 2016b) , some with a practical nature in the management of water resources (Razi et al., 2010; Du et al., 2012; Pereira et al., 2014; Pontes et al., 2016; Kurtz et al., 2017) , few have sought to understand the impacts of deforestation (Wan & Yang, 2007; Kalantari et al., 2014; AlgeetAbarquero et al., 2015) and fewer are those that investigated the implications of peak flows resulting fro m changes in the limits of PPAs established by the Brazilian Forest Code (BFC) of 2012.
In this context, this study aimed to understand the effects of changes in PPA classification criteria established by BFC of 2012 to the detriment of BFC fro m 1965 considering the surface runoff response in the basin draining the upper Marrecas River valley in the simu lated flo w peaks, allowing understanding the effects of changes in BFC on the flood mit igation process of the urban perimeter of Francisco Beltrão, Paraná State, Brazil.
MATERIAL AND MET HODS
This study was carried out in the Marrecas River basin upstream of the urban perimeter of Francisco Beltrão, PR, Brazil, at the control point with geographical coordinates 26°04′53″ S and 53°04′30″ W. The basin has an average altitude of 736 m and covers three municipalities in the Paraná State (Marmeleiro, Flo r da Serra do Sul, and Francisco Beltrão) (Figure 1 ). The control point in the Marrecas River was chosen for having a fluvio metric station (code 65950200/Instituto Águas Paraná), being a point of water collection by the Sanitation Co mpany of Paraná (SANEPAR) for public supplying of a large part of Francisco Beltrão, and representing the point of entry of the river in the urban area, highly affected by floods.
Hydrological simu lations considered the peak flow parameter, wh ich is the surface runoff response in the drainage channel, whose overflow to its banks determines the mo ment of maximu m occupation by the flood. Simu lations were performed by the HEC-HM S 4.1 (Hydrologic Engineering Center-Hydrologic Modeling System) model, wh ich required a model input with the physical characteristics of the basin and channels , precipitation data, and control specifications with intervals of simulations.
Basin and channel characteristics were obtained by using the extension HEC-GeoHM S (Geospatial Hydrologic Modeling Extension), run by the software ArcMap 10.1. This extension requires the input of a digital elevation model (DEM) and informat ion of the drainage channels, providing data on surface runoff and flood wave propagation in the channels.
The DEM, with a spatial resolution of 30 m, was preprocessed by delineating the basin draining the upper Marrecas River valley upstream of the urban perimeter of Francisco Beltrão, with an area of 337.9 km 2 . The basin was subdivided into 59 sub-basins in order to improve the spatial representation of the hydrological processes, composed of a hydrographical line generated fro m the minimu m drainage area of 1% of the total area, whose distribution is shown in Figure 1 .
The methods adopted in the HEC-HMS flow peak simu lations were pre-selected in the HEC-GeoHM S and chosen based on the information availability on drainage channels and basin: losses by infiltrat ion (SCS curve number method), transformat ion of effective precipitation into surface runoff (SCS unit hydrograph method), and wave propagation in the channel (Muskingum-Cunge method).
Land use was classified by the software Spring with an image of the satellite CBERS 4, PAN sensor from April 2, 2016, generated by the National Institute for Space Research (INPE), rando mly chosen. Segmented with a similarity level of 10 and a minimu m area of 25 pixels, the uses were individualized by the Bhattacharya classifier at a 95% acceptance threshold. Use composition took into account the classification key shape, color, and texture possible to be identified in the images.
Three scenarios of land use were generated: reference use ( The adequacy of PPAs to BFC2012 needed informat ion of average sizes of rural propert ies, which were co llected in the field fro m rando m samplings of five properties for each of the 59 sub-basins. It also required the classification of land uses in PPAs defined by the Article 4 prio r to July 22, 2008, to define the "consolidated areas in permanent preservation areas " established by the Article 61-A.
The three land use scenarios were reclassified into a magnitude of CN (curve nu mber), as reco mmended by the Soil Conservation Service of the US Depart ment of Agriculture (USDA-SCS) and generated by HECGeoHMS. For this, land use scenarios were confronted with hydrological g roups of soils of the basin under AMC (antecedent mo isture condition) II (USDA, 1986).
For flow peak simu lations, according to the requirements established by BFC1965 and BFC2012, PPAs were considered as occupied by native vegetation in the upper Marrecas River valley region (Araucaria mo ist forest), adopting CN values of forest cover (Roderjan et al., 2002) .
The individual analysis of PPAs (riverbanks, surroundings of springs, hilltops, among others) did not take into account the overlapping of the same areas generated by different PPA classes. Therefore, the sum of individualized PPAs exceeded the values of total PPAs adequate to each of BFC.
Flood wave propagation calculated by the Muskingum-Cunge method required informat ion of width, lateral slope, and Manning roughness (n) of the drainage channels. These data were collected in the field by sampling three points for each channel of the 59 subbasins, totaling 177 sampled points.
Precip itations were generated by intensity-durationfrequency curves (IDF), as proposed by Fendrich (2011) for Francisco Beltrão, Paraná State, Brazil, for return periods of 2, 5, 10, 25, 50, 100, and 200 years. The duration of each precipitation corresponded to the concentration-time of the basin delimited by the upper Marrecas River valley, calculated by the formula US Corps of Engineers (Silveira, 2005) , and distributed by the alternating blocks method with 15-min intervals.
Simu lation control specifications were determined in order to obtain all the details of basin responses on the flow distribution. For this, between the beginning and the end of the process, the simulat ions of each treatment totaled 30 h.
The results consisted of a randomized b lock design with three treatments representative of the land occupation scenarios. In order to understand variations in flow peaks (response variable) in the land use scenarios under different precipitation probability conditions, treatments were analy zed in seven blocks/replications formed by return periods of 2, 5, 10, 25, 50, 100, and 200 years. The results were analyzed by analysis of variance (ANOVA) at 5% significance. Rejected the null hypothesis (H o ), the mu ltip le verificat ions of means of flow peaks generated in each treatment, two by two, were carried out by the Tukey's test at 5% significance by using the software R.
RES ULTS AND DISCUSS ION
The adequacy of PPAs in the basin draining the upper Marrecas River valley to the Brazilian Forest Codes of 1965 and 2012 revealed wide d ifferences in territorial occupation. In BFC1965, PPAs comprised 44.5% of the total basin area (150.4 km 2 ) whereas, in BFC2012, PPA areas occupied 13.7% (46.3 km 2 ). The spatial distribution of land uses and occupations in the basin draining the upper Marrecas River valley, adequate to the proposed scenarios, is shown in Figure 2 . Significant reductions in PPAs in complying with BFC2012 are due to the use of risk areas previously prohibited for use in BFC1965. This legislation change is attributed to an intense political interference with the rural sector, which was intended to be amnestied of infractions provided by BFC1965, in addition to increasing the exploitation area (Maccarini & Silva, 2016) for agriculture and livestock.
In the individualized verifications of PPA classes identified in the basin draining the upper Marrecas River valley, the greatest discrepancy occurred in the hilltop PPAs. In BFC1965, 82.8 km 2 were classified as hilltop PPAs whereas no area had the same classification in BFC2012, as shown in Figure 3 , which presents the variations of the other PPA classes. Changes in classification criteria of these PPAs reduced the potential area to be protected in hilltops, mounts, mountains, and sierras by 87% (Soares-Filho et al., 2014) . These changes established by BFC2012 in the classification criteria of h illtop PPAs allo w their anthropic use, drastically affecting the hydrodynamic behavior and geological stability of dispersion slopes, which may accentuate floods and landslides in periods with high precipitation volu mes (Coutinho et al., 2013) .
Riverbank PPAs decreased from 70.1 to 29.5 km 2 whereas PPAs responsible for the maintenance of surroundings of springs reduced from 16.4 to 2.9 km 2 when comparing BFC1965 and BFC2012, respectively (Figure 3 ). The reduction in riverbank PPAs due to the authorization of anthropic use introduced by the Article 61-A of BFC2012 is considered one of the main step backward of the new legislation (Brancalion et al., 2016) . However, th is reduction may be even greater according to a proposed amendment to the current forest code, currently in process in the National Congress (Reis et al., 2015) . Changes in PPA classification criteria described in the transitional provisions of BFC2012 reduce the potential area to be recovered with native vegetation in Brazil by 58% in relation to BFC1965 (Soares-Filho et al., 2014) . Changes in BFC did not take into account the function of native vegetation and arrangement in the surface with a greater permeability to intercept and delay the surface runoff (Kibena et al., 2014; Lotz et al., 2017; Mayerhofer et al., 2017) . BFC2012 affects the basin draining the upper Marrecas River valley, main ly under the terms of item IX of the Article 4, wh ich deals with the classification rules of hilltop PPAs, and under the terms of the Article 61-A, wh ich authorizes, in PPAs, "to continue agrosilvopastoral, ecotourism, and rural tourism activit ies in rural areas consolidated until July 22, 2008". The anthropic use of these PPAs potentiates and increases flow peaks, increasing the frequency and severity of flooding (Costa et al., 2012; Kalantari et al., 2014; Sanyal et al., 2014; Algeet-Abarquero et al., 2015) .
Considering the changes in PPA classificat ion criteria due to BFC2012 validity, the statistical analyses confirmed the supposed impacts of reducing the native vegetation in the basin draining the upper Marrecas River valley on the flow distribution, as shown in *Equal letters represent statistical equality between flow peaks generated by land use scenarios, two by two, by the Tukey's test at 5% significance.
The multip le analyzes of means of flow rates by the Tukey's test at 5% significance level revealed significant differences between flow peaks generated by BFC1965 and those produced by BFC2012 and RS. However, no significant differences were observed between flow peaks generated by BFC2012 and RS.
Statistical interpretations confirm the influence exerted by the vegetation cover on flow distribution. Flo w peaks generated by BFC2012 and RS increased significantly when co mpared to those produced by BFC1965. Ho wever, no significant reductions were observed in flow peaks produced by BFC2012 in relation to RS, indicat ing that PPA adequacy to BFC2012 does not differ fro m the representative scenario of the current land use in relation to the retention of surface runoff. These statistical equalit ies between flo w peaks generated by BFC2012 and RS make us think that changes in BFC minimize the legal possibilities of flood mit igation in the urban perimeter of Francisco Beltrão.
Forest substitution in PPAs in the basin drain ing the upper Marrecas River valley by anthropic uses increases surface runoff and soil losses by reducing evapotranspiration, vegetation interception, protection caused by roots, among others (Githui et al., 2009; Zhang et al., 2015; Eu m et al., 2016; Silva et al., 2016b; Lot z et al., 2017) . The current agricultural cult ivation, which is the main substitute for forest cover, compacts soil horizons mainly due to agricu ltural machinery traffic , reducing infiltrat ion rates and increasing soil bulk density (Ankeny et al., 1990 , Abu-Hamdeh, 2003 Gó mez-Rodríguez et al., 2013 , Feitosa et al., 2015 Silva et al., 2016a) .
The average percentage increase in flow peaks generated by BFC2012, when compared to those produced by BFC1965, was 22.1%, and could reach 30.7% for the return period with higher frequency (2 years). Considering the registered occurrence of seven flood events in the urban perimeter of Francisco Beltrão in the last 7 years, this last percentage may better represent the increase in flow peaks for this period, which is due to the beginning of validity of Brazil's new Forest Code (2012) , to the detriment of the Brazilian Forest Code of 1965.
CONCLUS IONS
Considering the Brazilian Forest Code of 2012, PPAs in the basin draining the upper Marrecas River valley would be reduced by 69.2% when co mpared to the Brazilian Forest Code of 1965. In this case, the largest losses would occur in hilltop areas, responsible for the retention of a large portion of surface runoff, the main factor responsible for flood events in the urban perimeter of Francisco Beltrão, Paraná State, Brazil.
The simulated flow peaks increased by up to 30.7% for the 2-year precipitation return period, indicat ing that the higher the precipitation frequencies are, the greater the differences between flow peaks generated by the scenarios of the Brazilian Forest Codes of 1965 and 2012.
